Abstract
Introduction
NK cells were defined originally as large granular lymphocytes that lyse tumor and virally infected cells in the absence of MHC restriction and without previous sensitization (1, 2) , and were shown to mediate the rejection of incompatible bone marrow allografts in lethally irradiated mice (3) . However, studies employing freshly explanted NK or cells resulting from short-term in vitro cultures have shown that NK cells are not limited to a role of cytotoxic effector cells, but have also been Correspondence to: Q. Vos Transmitting editor: Z. Ovary Received 11 March 1998, accepted 14 April 1998 implicated as regulatory cells in the immune response to bacterial (4, 5) , protozoan (6, 7) and viral infections (8, 9) of both conventional and T cell-deficient mice. This immunoregulatory function of NK cells is based in part on the secretion of various cytokines including CSF (10), IFN-γ (11), IL-1 (12), IL-2 (13), and tumor necrosis factor-α (15) . From these cytokines IFN-γ has emerged as a critical NK-derived inducer of T h 1 differentiation in the immune response to protozoan infection (16) (17) (18) . Moreover, NK cells have been shown to stimulate Ig secretion both in vivo (19, 20) and in vitro (21) (22) (23) (24) , possibly through the release of IFN-γ (25), a potent stimulator of Ig secretion (26) and inducer of isotype-switching to IgG2a (27) .
The characterization of NK cell surface receptors (28) and several aspects of their specificity (29, 30) have resulted in the description of heterogeneity among NK subpopulations that display potentially different functions (31) (32) (33) (34) . To extend these findings from freshly explanted NK cells and cells from short-term in vitro cultures, two groups have recently described methods for the establishment of long-term murine NK lines: one using splenocytes from mice that were homozygous for a mutation in the p53 tumor suppressor gene (p53-KO) (35) , the other employing culture of fetal liver cells from normal mice (36) . These lines provide important tools for the study of functionally heterogeneous NK subpopulations and a variety of aspects of NK cell biology, while avoiding the influence of contaminating cells with phenotypic similarity like natural T cells (37) .
In recent studies we have reported that sort-purified B cells stimulated in an in vitro model for T cell-independent type 2 (TI-2) antigens, employing a multivalent mIg cross-linking agent and IL-2, can be induced to secrete Ig by addition of freshly explanted NK cells or of cells from short-term NK cultures (23, 24) . In order to carefully dissect the role of NK cells in the process of induction of Ig secretion in B cells and to determine whether there is any relationship between NK cytotoxicity and NK-mediated help to B cells, we generated murine NK clones. We here describe the establishment and characterization of a murine NK panel: one line and four clones from p53-KO spleen, and one line from normal C57BL/ 6 spleen, that display both cytotoxic effector function and enhance Ig secretion in stimulated B cells.
Methods

Mice
C57BL/6, CBA.C57BL/6 F 1 and 129.C57BL/6 F 1 mice homozygous for a mutation in the p53-KO (38) were obtained from Jackson Laboratories (Bar Harbor, ME) and were used at 8-10 weeks of age. The experiments were conducted according to the principles set forth in the Guide for the Care and Use of Laboratory Animals, Institute of Animal Resources, National Research Council, Department of Health, Education, and Welfare publication (National Institutes of Health) 78-23.
Culture medium RPMI 1640 (Biowhittaker, Walkersville, MD) supplemented with 10% heat-inactivated FCS (Gibco, Grand Island, NY), Lglutamine (2 mM), HEPES (25 mM), 2-mercaptoethanol (50 mM), non-essential amino acids (100 µM), penicillin (100 U/ ml), pyruvate (1 mM) and streptomycin (100 µg/ml) was used for culturing cells.
Reagents
Anti-IgD-dextran conjugates (αδ-dex), of anti-IgD a allotype specificity, Hδ a /1 (39) , and anti-IgD b allotype specificity, AF3.33 (40) , were prepared by conjugation of the respective mAb to a high mol. wt dextran (2ϫ10 6 Da) as previously described (41) . For both conjugates approximately six mAb were conjugated to each dextran molecule. The concentration of αδ-dex reflects the amount of mAb and not the entire dextran conjugate.
In the flow cytometry analysis of the NK panel the following mAb to Ly-49 were used: Yel/48 (anti-Ly-49A, rat IgG2c), SW5E6 (anti-Ly-49C, mouse IgG2a) and 4D11 (anti-Ly-49G, rat IgG2a). These mAb, and mAb specific for murine B220, NK1.1, DX5, CD3, IL-2Rα and IL-2Rβ were purchased from PharMingen (San Diego, CA).
Murine recombinant IL-2 was a kind gift from Dr Maurice Gately (Hoffmann-La Roche, Nutley, NJ). BSA, FITC, poly(IC) and Tween 20 were purchased from Sigma (St Louis, MO). RA3-6B2 rat anti-mouse B220 (42) was conjugated to FITC using a standard protocol. Affinity purified goat anti-mouse κ light chain, goat anti-mouse IgM-alkaline phosphatase and rat-anti-mouse IgD-phycoerythrin (PE) were purchased from Southern Biotechnology Associates (Birmingham, AL).
Establishment of a panel of murine NK cell lines and clones
Spleen cell suspensions were prepared from C57BL/6 and 129.C57BL/6 F 1 p53-KO mice in culture medium. Red blood cells were lysed with 0.14 M NH 4 Cl, 0.017 M Tris, pH 7 and the splenocytes were washed twice with culture medium. Next, the cell suspensions were incubated with anti-Thy 1.2 (43) and anti-MHC class II (44) mAb in culture medium for 30 min on ice, washed, and incubated with complement for 45 min at 37°C. Live cells were isolated by centrifugation on a density gradient (Lympholyte-M; Cedarlane, Westbury, NY) and cultured at 10 6 cells/ml in 24-well flat bottom plates (Costar, Cambridge, MA) in culture medium containing IL-2 (50 U/ml) and poly(IC) (10 mg/ml) in a humidified atmosphere containing 5% CO 2 at 37°C. After 14 days of culture the cell suspensions of the individual wells were pooled, centrifuged, resuspended at 10 5 cells/ml, transferred to culture flasks and cultured for 7 days. Because of the adherence of the resulting cell population, media was removed, and cells were detached using trypsin-versene solution (Biowhittaker, Walkersville, MD), washed twice and cultured for an additional 7 days. This procedure resulted in the establishment of two cell lines: one derived from C57BL/6 splenocytes, B6 NK, the other originating from 129.C57BL/6 F 1 p53-KO, PKO. After the initial 28 days of culture, PKO cells were isolated and seeded in flat-bottom 96-well plates (Costar, Cambridge, MA) at a density of 0.3 cells/well and cultured for 14 days. From the initial 120 clones, four clones designated PKO 2, PKO 34, PKO 56 and PKO 101 were utilized for further study.
Analysis of a murine NK cell panel for NK-TR gene expression Total cellular RNA was isolated according to Chomcyznsky and Sacchi (45) , and subjected to reverse transcription using NK-TR-specific primers as described previously (46) . cDNA was subjected to PCR using NK-TR-specific primers according to Chambers et al. (47) . One-fifth of the PCR product was run on 1% agarose gels and transferred onto nylon membranes (GeneScreen; NEN Research, Boston, MA). The filter was probed with the 1.4 kb EcoRI fragment of NK-TR cDNA (46) . Expression of cell surface molecules was analyzed as previously described (48) using a FASCist flow cytometer (Becton Dickinson, Mountain View, CA). Cells were stained directly using PE-and FITC-labeled primary mAb, or indirectly stained using either a combination of a primary mAb followed by an isotype-specific FITC-or PE-conjugated secondary antibody, or a combination of a biotinylated primary mAb followed by streptavidin-PerCp or avidium-PerCP (Becton Dickinson).
Analysis of a murine NK cell panel for NK1.1 gene expression RNA isolation and RT-PCR were performed as described above. The following primers were used for PCR: sense 5Ј-CTACCTCGGTTTAAAGCCACC-3Ј, anti-sense 5Ј-GAAGCAC-AGCTCTCAGGAGTCAC-3Ј. This primer pair generates a 575 bp PCR product. After gel electrophoresis and transfer to a nylon membrane PCR products were probed using 5Ј-GTTTCTCAAGTTTCCAACACTTG-3Ј.
Analysis of a murine NK cell panel for gene expression of cytolytic granule components Total RNA was extracted using TRIzol (Life Technologies, Gaithersburg, MD) and cDNA was synthesized employing Super Script II reverse transcriptase (Life Technologies) according to the manufacturer's instructions. mRNA expression of murine granzymes was analyzed using a novel RT-PCR method. This method allows the simultaneous detection of all granzymes by using a single pair of consensus oligonucleotide primers, which correspond to two conserved motifs of the granzyme subfamily of serine proteases. These motifs encoding the PHSRPYMA amino acid sequence near the Nterminus, and the VAGWG motif located in the middle of the proteins were amplified using the sense primer 5Ј-CCICA(C/ T)TCI(C/A)GICCITA(C/T)ATGGC-3Ј and the antisense primer 5Ј-CCCCAICCAGC(T/C)(A/G)C-3Ј respectively. I is the neutral base deoxyinosine and (X/Y) indicates a mix of two bases for one position. Because of heterogeneity within the granzyme family these two primers generate amplified cDNA products of different sizes for granzyme A, B, CEFG (single size) and D, as illustrated by the analysis of B6 NK shown in Fig. 3 . In addition, separate PCR were set up for perforin and the 'housekeeping' gene HPRT, which was used for normalization of the data. The following primers were used for PCR: perforin, sense primer 5Ј-CACAAGTTCGTGCCAGGTGTA-3Ј, antisense primer 5Ј-CCACACGCCAGTCGTTATTGA-3Ј; HPRT, sense primer 5Ј-GCTGGTGAAAAGGACCTCTC-3Ј, antisense primer 5Ј-GATTCAACTTGCGCTCATCTTAGG C-3Ј. The following number of cycles were used in the three PCR amplifications: granzyme 26, perforin 24 and HPRT 22. To facilitate the detection of the individual PCR products, each of the sense oligonucleotide primers was labeled at the 5Ј end with a different fluorescent phosphoramidite dye (Applied Biosystems, Foster City CA): the granzyme primer with 6-carboxy-fluorescein, the perforin primer with tetra-chlorinated fluorescein and the HPRT primer with hexa-chlorinated fluorescein. The products of the three PCR were pooled, and the mixture was separated and analyzed on a high resolution 5.6% polyacrylamide-urea gel in the presence of fluorescent polynucleotide size standards using a 374A DNA sequencer (Applied Biosystems). Genescan software (Applied Biosystems) was used to determine the size and peak area for each of the separated fragments.
Analysis of a murine NK cell panel for cytolytic activity NK killing activity was determined in a 51 Cr-release assay as previously described (46) . The targets cells used were P815 and YAC-1, ATCC nos TIB-64 and TIB-160 respectively.
Preparation and culture of highly purified splenic B cells
Enriched populations of B cells were obtained from CBA.C57BL/6 F 1 spleen cells from which T cells were eliminated by treatment with rat anti-Thy-1.2 (43), followed by complement. Cells were then fractionated by centrifugation over a discontinuous Percoll gradient (Pharmacia Fine Chemicals, Piscataway, NJ), washed in cold clear HBSS staining buffer containing 3% heat-inactivated FCS, penicillin (100 U/ ml) and streptomycin (100 µg/ml), incubated with anti-B220-FITC in staining buffer for 30 min on ice and electronically sorted on an Epics Elite cytometer (Coulter, Hialeah, FL) for a B220 bright phenotype. Reanalysis of sorted cells, that were subsequently stained with anti-IgD-PE, consistently revealed the presence of Ͼ99% IgD ϩ B220 bright B cells. These highly purified B cells were incubated in flat-bottom 96-well plates (Costar) at 10 5 cells/ml in a total volume of 200 µl culture media containing IL-2 (50 U/ml), αδ-dex against both a and b haplotype (10 ng/ml) and the indicated percentage of NK cells at 37°C in a humidified atmosphere containing 5% CO 2 for 5 days.
Quantitation of IgM-secreting cells in the cultures of stimulated B cells
IgM-secreting cells were detected by spot-ELISA according to a modified version of a previously described protocol (51) . Cellulose ester membrane 96-well plates (Millipore Multiscreen; Millipore, Molsheim, France) were coated with 50 ml of a 5 mg/ml solution of goat anti-mouse κ light chain antiserum in PBS by incubating overnight at 4°C. The plates were postcoated using culture medium, and cell suspensions from the stimulated B cell cultures were added and incubated for 6 h in a humidified atmosphere containing 5% CO 2 at 37°C. Goat anti-mouse IgM alkaline phosphatase was added and incubated overnight at 4°C. Next, the plates were developed using BCIP/NBT substrate solution (Kirkegaard & Perry, Gaithersburg, MD) and spots representing individual IgM-secreting cells were enumerated using an inverted microscope.
Results
Generation of a panel of murine NK cell lines and clones
We have previously reported that the addition of freshly explanted NK cells or cells from short-term NK cultures to highly purified splenic B cells enhanced the Ig secretory response in an in vitro model for TI-2 antigens (23, 24) . The recent description of two different strategies for generating murine NK cell lines that display long-term stability (35, 36) has provided new opportunities to study the NK-mediated enhancement of Ig secretion in more detail. Thus, we modified the method described by Karlhofer et al. (35) , that employed culture of NK-enriched spleen cells from p53-KO mice (38) , by addition of poly(IC) to the culture medium and omitting anti-NK1.1 coating of the tissue culture plates. Our method yielded one long-term line, PKO, from which four stable murine NK clones, PKO 2, PKO 34, PKO 56 and PKO 101, were derived. Moreover, the same culture conditions also resulted in the establishment of a long-term NK line from normal C57BL/6 spleen. All the members of this NK panel are adherent cells with a large granular morphology.
Analysis of a murine NK cell panel for NK-TR gene expression
As a first step in the characterization of our murine NK panel, the expression of the NK-marker NK-TR (46,47,51,52) was analyzed by RT-PCR. The NK-TR gene encodes a 150 kDa type II transmembrane protein, that is highly conserved between species and that constitutes one of the functional requirements for NK killing. The NK-TR protein has been postulated to be part of the putative NK target recognition complex, important for NK effector function. Figure 1 shows the results of the RT-PCR analysis. The data show the presence of two bands in all members of the NK panel (Fig. 1, lanes  2-7) . The top band represents an inactive transcript, the bottom band the active one. No NK-TR transcripts were detected in the negative control consisting of murine thymocytes (Fig. 1, lane 1 ). These data demonstrate the presence of a marker that is required for NK cytotoxic effector function in all members of the NK cell panel. However, non-MHCrestricted killing has also been observed for some mouse and human T lymphocytes (52) (53) (54) (55) , where it also depends on the expression of NK-TR (47) . To examine the possibility that the members of the NK cell panel belonged to the T cell lineage, TCR gene rearrangement was analyzed. Thus, Southern blot analysis of genomic DNA revealed that all members of the NK panel retained the TCR β locus in germline config- 
Members of the NK panel were analyzed for the expression of cell surface molecules using flow cytometry. Cells of a short-term culture of activated polyclonal murine NK cells, ALAK, were included as a control population. These data are representative of three individual experiments. uration (data not shown). Together with the large granular morphology and the NK-TR expression, the lack of TCR rearrangement supports the fact that our panel consists of NK cells.
Analysis of cell surface molecules on a murine NK cell panel
Flow cytometry analysis of surface molecules has revealed the existence of heterogeneous NK subpopulations (31) (32) (33) (34) and differences between NK lines derived from fetal liver (36) . In order to characterize the cells in our NK panel, to address possible heterogeneity among them and to make a comparison with the phenotypes of the previously described long-term NK lines (35, 36) , flow cytometry analysis of surface antigens was performed. Table 1 summarizes the results of this analysis. These data show that all of the NK cells express the IL-2R α and β chains, and have low levels of B220. No CD3 was expressed, in accordance with the observed lack of T cell receptor rearrangement, and the cells had a uniform Ly-49 negative phenotype, in accordance with both previously described NK panels (35, 36) . None of the cells expressed DX5 or NK1.1 on the cell surface. Additional analysis of CD4, CD8, TCR αβ, TCR γδ, FasL and sIg expression resulted in uniformly negative results. 
Analysis of a murine NK cell panel for gene expression of lymphocyte granule components
To further characterize the NK cells, the expression of RNA for lymphocyte granule components was analyzed using a novel RT-PCR. The murine granzymes A, B, C, D, E, F and G, and perforin are stored in the granules of cytotoxic cells and mediate the lysis of target cells (56) (57) (58) . In the granzyme RT-PCR one set of consensus oligonucleotide primers was used to generate different size products for the various members of this sub-family of serine proteases. In addition, separate amplifications with specific primers for perforin and the 'housekeeping gene' HPRT were performed. Figure 3 shows the results of the analysis of B6 NK. Since the RT-PCR products for granzyme C, E, F and G are of an identical size, they result in one single peak, that is referred to as granzyme CEFG. The presence of each of the individual granzymes was verified by analyzing the PCR products generated using specific anti-sense primers (data not shown). In addition, RT-PCR analysis of our NK cell panel for the rat NK granzymes RNKP1 (56), RNKT2 (59) and Met-ase 1 (60) revealed the absence of these products, that were detected in the rat large granular leukemia cell line RNK-16 (data not shown). To quantitate the levels of gene expression of the granule components, the fluorescence peak areas for each of their RT-PCR products were calculated and divided by the peak area obtained for HPRT. The results of this analysis for all members of our NK cell panel and a negative control of murine Hd a /1 hybridoma cells (39) are shown in Table 2 . The data demonstrate that all of the NK cells expressed similar message levels for granzyme A-G and the pore-forming protein perforin.
Analysis of a murine NK cell panel for cytolytic activity
Since the previous analysis demonstrated the expression of various cytolytic granule components in each of the NK cells, their cytolytic activity was analyzed in a 51 Cr-release assay using YAC-1 and P815 as targets, and activated NK cells from a short-term polyclonal culture in a high dose of IL-2, ALAK, as a positive control. A representative example of three individual experiments, shown in Fig. 4 , demonstrates that YAC-1, a classic NK target, was lysed by all NK cells, with the exception of PKO 101. Both PKO 34 and B6 NK displayed a high level of cytotoxicity, whereas PKO, PKO 2 and PKO 56 mediated moderate lysis. ALAK and PKO displayed moderate cytotoxicity to P815, while all other NK cells did not kill this target. This pattern of reactivity is in agreement with NK specificity. It should be noted that ALAK represents the reactivity of activated NK cells that lyse YAC-1 at a level that is an order of magnitude higher than freshly explanted NK cells (data not shown). The unusual shape of the curves observed for PKO 2, PKO 34 and B6 NK in the lysis of YAC-1 is most probably due to the overcrowding conditions at the highest effector:target ratios caused by the cell size of the cloned NK cells. 
The murine NK cell panel and a negative control population of Hd a /1 B cell hybridoma cells were analyzed as described in Fig. 3 for B6 NK. The fluorescence peak areas of the individual granule components were divided by the peak area obtained for HPRT in order to calculate the relative level of gene expression, which is represented by the following semi-quantitative scale: ϩ, 1-5; ϩϩ, 5-10; ϩϩϩ, 10-15; ϩϩϩϩ, 15-20; and ϩϩϩϩϩ, Ͼ20. These data are representative of three individual experiments. Analysis of NK cell mediated enhancement of Ig secretion in purified B cells We have previously described an in vitro model for responses to TI-2 antigens, as exemplified by polysaccharides, that employs a dextran-conjugated anti-IgD mAb (αδ-dex) (61) . This reagent provides a multivalent anti-Ig complex, which is a powerful B cell activator (41) . Using this TI-2 model it was demonstrated that depletion of asialo-GM 1 ϩ cells from a B cell-enriched population of T cell-depleted spleen cells eliminated the Ig secretion induced by αδ-dex and IL-2 (23). Moreover, it was shown that addition of cells from short-term NK cultures was able to induce Ig secretion in αδ-dex ϩ IL-2-stimulated highly purified B cells (23, 24) . To test the ability of the members of our NK panel to induce Ig secretion, B cells were highly purified by electronic cell sorting and cultured with αδ-dex ϩ IL-2 in the presence of 3% NK cells. Figure 5 shows the results of a spot-ELISA of IgM-secreting cells induced after 5 days of culture. The data demonstrate that all NK cells were able to enhance Ig secretion in αδ-dex ϩ IL-2-stimulated highly purified B cells, with the best stimulation observed for PKO 101, 18-fold background, and the weakest for PKO 56 and B6 NK, 3-fold. This pattern, of PKO 101 being the strongest inducer among the clones and PKO 56 the weakest, has proven consistent in five individual experiments.
Discussion
This paper describes the generation of a panel consisting of one long-term NK line from p53-KO mice, four NK clones derived from this line and a long-term line generated from normal murine splenocytes. The members of this NK panel augment Ig secretion in an in vitro model for TI-2 responses and, with the exception of PKO 101, display NK cytotoxicity. The strategy that we used to produce our NK panel was based on a method to generate long-term murine NK lines from p53-KO mice, recently described by Karlhofer et al. (35) . Our success in isolating murine NK clones from limiting dilution cultures seeded with 0.3 cells/well and in generating a long-term NK line from normal spleen may be based on the use of the NK stimulator poly(IC). Although high concentrations of IL-2 are capable of inducing NK cells in short-term cultures, Karlhofer et al. (35) described that IL-2 by itself was insufficient in generating stable long-term NK lines. Thus, in the process of generating our NK panel several culture conditions were probed: culture with IL-2 by itself, or in addition to fucoidan, in the presence of chondroitin C or in combination with poly(IC). Fucoidan was chosen because it has been described to bind the NK surface marker Ly-49A (62) and chondroitin C because of its affinity for NKR-P1 (28) . Although all of these culture conditions resulted in the induction of large granular lymphocytes after 2 weeks of culture and generated enough cells for limiting dilution cloning, it was only those cultures that were set up in the presence of both IL-2 and poly(IC) that resulted in NK cells with longterm in vitro stability. Another factor that we found of critical importance in the generation of our NK panel was the density of the cell culture during the initial polyclonal establishment of the lines. Both lines resulted from cultures that were seeded with a high density of cells, that caused 'overcrowded' conditions prior to the limiting dilution cloning. The addition In a comparison of the surface phenotype of the cells in our NK panel with the KY lines described by Karlhofer et al. (35) there is similarity in the absence of LY-49 and CD3, but difference in the expression of NK1.1. Whereas the KY lines express NK1.1 at different levels, this marker was not detected on the surface of the cells of our NK panel. RT-PCR analysis revealed that some of the members of our panel did express NK1.1 mRNA, suggesting that the levels of surface expression of this antigen may be too low for detection by flow cytometry. This difference between our panel and the KY lines could be explained by a difference in culture conditions, since the KY lines were generated in wells coated with anti-NK1.1, which proved to be a crucial factor. In a comparison of our NK panel with the FT and FL lines that Manoussaka et al. (36) derived from mouse fetal liver, the most obvious difference again lies in the expression of NK1.1. Although it has become increasing clear that NK1.1 can no longer be considered as a marker expressed exclusively by NK cells (42) , this report presents the first description of cells that possess phenotypical and functional characteristics of NK cells, but lack detectable NK1.1 cell surface expression. This finding can be interpreted in different ways. It is possible that the conditions that resulted in the establishment of our panel induced phenotypic changes, similar to the absence of Ly-49 observed in both other NK panels (35, 36) . However, it could also be speculated that our culture conditions selected for a relatively minor NK subpopulation.
All of our NK cells express the NK-TR gene product, which is required for NK-type killing and a panel of cytolytic enzymes that mediate cytotoxicity. Except for the PKO 101 clone all members of our NK panel lysed the NK target YAC-1, whereas only the PKO line displayed cytotoxicity towards P815. The data of the YAC-1 lysis experiment shown in Fig. 4 indicate some level of heterogeneity in cytotoxicity, with PKO 34 and B6 NK as the best killers, but none of the analyses described in this communication indicate the cause of the observed differences. Our data support the findings by Karlhofer et al. (35) that NK cells do not need to express Ly-49 molecules in order to be cytotoxic.
All members of the NK panel enhanced Ig secretion in an in vitro model for TI-2 responses (61), albeit with a distinct level of heterogeneity. These results extend our previous findings based on the use of polyclonal NK populations (23, 24) and preliminary data from ongoing experiments aimed at identification of the mechanism responsible for the observed heterogeneity in the enhancement of Ig secretion suggest the importance of the level of IFN-γ production.
The data generated by the PKO 2, PKO 34 and PKO 56 clones provide the first direct evidence that a single NK cell can be both a cytotoxic effector cell and have immunoregulatory activity. Moreover, our findings suggest no correlation between the degree of helper activity of the NK clones and the level of their cytotoxic activity on YAC-1 targets. The current number of clones does not allow us to draw any conclusions on the existence of heterogeneous subpopula-tions among NK cells, which is also being obscured by the absence of members of the Ly-49 family, which have been described as distinguishing markers among NK subpopulations (31-34), but efforts are currently being made at establishing a more extensive NK panel.
Manoussaka et al. (63) have recently demonstrated heterogeneity in the surface phenotype within clonal fetal NK cell populations and variation of the phenotype during culture. Both surface phenotype, level of cytotoxicity and level of enhancement of Ig secretion of the members of our NK panel were first analyzed at 3 months after their generation, and have proven stable over a 2 year period. The difference in the stability of the phenotype of both types of NK clones is most likely caused by their respective origin: we used adult spleen cells, whereas Manoussaka et al. derived their clones from fetal thymus, which may contain less differentiated NK precursor cells, that display the observed continuous variation of the phenotype during culture.
The availability of a panel that mediates the observed range of Ig production in highly purified B cells stimulated with αδ-dex and IL-2 allows a detailed study of the mechanism responsible for the responses in this in vitro model, and may yield an improved understanding of the processes involved in the in vivo response to TI-2 antigens.
